They are polyphenolic compounds with a common structure based on a catechol moiety, as shown in Fig.  1 . 3, 4 These green tea catechins has been found to possess anti-mutagenic 5 , anti-allergic 6 , anti-oxidant 7 , and anti-tumorigenic 8 properties. Caffeine is an alkaloidic component contained in beverages like tea, coffee and cocoa. Recently, canned green and black tea beverages have become popular in Japan and these beverages contain ascorbic acid (vitamin C), probably as an antioxidant for catechins.
Capillary electrophoresis (CE) is a relatively new tool in the separation science, which provides high separation efficiency. Capillary zone electrophoresis (CZE) is the most popular separation mode in CE. Terabe et al. have developed the technique of micellar electrokinetic chromatography (MEKC) 9, 10 which has further extended the application of CE to the separation of neutral substances. Green tea catechins have mainly been separated by HPLC. [11] [12] [13] [14] Although the analysis by CZE was recently reported 15 , there has been no analytical report on teas using MEKC. This paper describes simultaneous analysis of individual catechins, caffeine, and ascorbic acid in commercial canned green and black teas by MEKC.
products: (+)-catechin, (-)-epigallocatechin (EGC), (-)-epicatechin (EC), (-)-epigallocatechin gallate (EGCG) and (-)-epicatechin gallate (ECG) (Kurita Kogyo, Tokyo, Japan), (-)-catechin gallate (CG) and (-)-gallocatechin gallate (GCG) (Sigma, St. Louis, MO, USA). Caffeine and ascorbic acid were purchased from Wako (Osaka, Japan). Sodium dodecyl sulfate (SDS) from Nacalai Tesque (Kyoto, Japan) was used as anionic micellar pseudo-stationary phases in MEKC. All other chemicals and solvents used were of analytical reagent grade. Pure water was prepared by purifying distilled water with a Milli-Q SP system (Millipore, Bedford, MA, USA) prior to use.
Apparatus
The MEKC separation was performed by a BioFocus 3000 CE system (Bio-Rad, Richmond, California, USA) with a pre-packed cartridge of an uncoated fused silica capillary of 50 mm i.d. and a total length of 36 cm (32 cm to the detector). The HPLC separation was performed by a Waters HPLC system with a 600 pump, a 600 controller and a 490E programmable multiwavelength detector (Milford, MA, USA) using a capcell pack UG120 packed column, 4.6 mm i.d. and length of 150 mm, 5 mm particle size (Shiseido, Tokyo, Japan).
HPLC and CZE separation
The HPLC separation was performed according to the method by Goto et al. 14 However, they did not try a separation of ascorbic acid by this HPLC method. The CZE separation was based on the paper by Horie et al. 15 
Micellar electrokinetic chromatography (MEKC)
A 25 mM SDS solution in 25 mM phosphate-50 mM borate buffer (pH 7.0) was used as a running solution. A potential of 15 kV was applied, detection was performed by measuring absorbance at 280 nm, and each capillary was thermostated at 20˚C. Sample solutions were passed through a disposable hydrophilic membrane filter dismic-13HP (0.45 mm pore size, Advantec Toyo, Tokyo, Japan) prior to use. The samples were injected by pressure at 350 mbar for 1.0 s. The capillary was rinsed successively with a 1.0 M NaOH solution for 120 s and distilled water for 120 s before each run.
Results and Discussion

MEKC analysis and comparison of MEKC with HPLC and CZE
The seven catechins, caffeine, and ascorbic acid were well separated by an MEKC method, as shown in Fig.  2 . Calibration curves obtained with these tea catechins, caffeine, and ascorbic acid from 0.5 to 150 mg/ml, showed straight lines (r=0.997-0.999).
The results obtained were compared with those achieved by HPLC and CZE. In Fig. 3A , the (+)-catechin, EGC, EC, EGCG, ECG, caffeine, and ascorbic acid were well separated by the HPLC method. The separation was successful only by employing the gradient elution, so the HPLC method required a long time including the reconditioning of the column. (+)-Catechin, EGC, EC, EGCG, ECG, caffeine, and ascorbic acid were successfully separated by the CZE method, as shown in Fig. 3B , and this method needed only a short analysis time. However, two groups of compounds EGC, EC, (+)-catechin and EGCG, ECG, ascorbic acid migrated closely and better resolution was required for quantitative analysis. The use of a higher pH buffer for CZE gave better resolution than that shown in Fig. 3B , but the high pH caused a significant peak tailing. 15 The analysis time of MEKC was much shorter than that by HPLC and resolution was better than that obtained by CZE. Therefore, the MEKC separation method was explored for simultaneous analysis of catechins, caffeine, and ascorbic acid.
Analysis of the canned green and black teas
Commercial canned green and black tea beverages were analyzed by the MEKC method. All catechins, caffeine, and ascorbic acid were successfully separated in less than 10 min, as shown in Fig. 4 . Individual seven catechins, caffeine and ascorbic acid in commercial canned green and black tea samples were analyzed by MEKC, as shown in Table 1 . The concentration of EGCG was the highest quantity contained in the canned green tea sample. Horie et al. 15 reported that much more (+)-catechin was found in the canned green tea sample than in the infusions from tea leaves. A high concentration of (+)-catechin was found in the commercial canned green tea samples in our study. The canned black teas had lower amounts of catechins than the canned green teas. Minor amounts of GCG and CG were found in the canned black tea samples. Ascorbic acid amounts in commercial canned green and black tea samples were determined by both MEKC and HPLC method as from 200 to 1900 mg/ml.
Comparison of MEKC, HPLC and CZE method
As described above, the MEKC method was found to be a useful technique for the analysis of the canned green and black tea samples. Although HPLC is reported to be applicable to the same analysis, the MEKC method has some advantages over the HPLC method from viewpoints of the running cost and analysis time. The MEKC method requires only a small amount of buffers and samples and no organic solvents. The HPLC method reported for the determination of catechins and caffeine 14, 16 , which can be applied to the routine quality control of green and black teas, 437 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 employed a gradient elution and needed an analysis time longer than 20 min in addition to the reconditioning time of the column. The MEKC method required about 15 min for one analysis including the capillary conditioning. The reproducibility or relative standard deviations (RSD) of the analyte concentrations were comparable between the two methods, as given in Table  1 . The CZE method gave almost the same analysis time and separation efficiency as the MEKC method, but the latter gave better resolution than the former. In conclusion, the MEKC method was confirmed to be applicable to simultaneous analysis of important ingredients in canned green and black tea beverages.
